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Marine invasions are a growing threat challeng-
ing the preservation of ocean biodiversity. These in-
vasions occur in a context of global change due to
increasing anthropogenic activities, with maritime
transport being the main mechanism of introduction
of aquatic invertebrates (Grigorovich et al., 2003).
Shipping serves as a vector for the dispersal of organ-
isms through ballast water, sediment, or hull fouling
(Minchin & Gollash, 2002). Aquaculture and aquarium
trade are also vectors of transfer and introduction of
alien species (Minchin, 2007; Grosholz et al., 2015).

Among marine species, hydrozoans are consid-
ered successful invaders due to their environmental
flexibility, small size, wide variety of life cycles, and
reproductive processes that allow them to be easily
transported and to establish in new regions (Graham
& Bayha, 2008; Rilov and Crooks, 2009; Folino-Rorem
et al.,, 2008). However, due to their relatively incon-
spicuous and seemingly low environmental impact
on ecosystems, hydrozoans may be overlooked
in invasion biology (Miglietta and Lessios, 2008).
Nevertheless, there are several examples of invasions
by hydromedusa species in different ecosystems
around the world, including the cases of Maeotias
marginata, Moerisia lyonsi, Gonionemus vertens, and
Blackfordia virginica, among others (Ma & Purcell,
2005, Gaynor et al., 2016, Harrison et al., 2013).
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Blackfordia virginica (Hydrozoa, Leptomedusae)
is thought to be native to the Black and Caspian Sea
and is recognized to be a successful invader of estua-
rine coastal waters around the world (Europe, North
America, Asia, and Central America) (Bayha & Graham,
2014). In the Southwestern Atlantic, it was recorded
for the first time in the northeast of Brazil (Paranagua,
1963) and then, nearly four decades later, in the Rio
de la Plata estuary on the Argentine shelf (Genzano
et al, 2006) and in different estuarine ecosystems
along the southern and southeastern Brazilian coast
(Nogueira & Oliveira, 2006). This hydromedusa is
considered an euryhaline species, which has been
shown to tolerate a wide range of salinity, from 2.2 to
36 (Moore, 1987). It displays a metagenetic life cycle
comprised of a benthic polyp phase, which repro-
duces asexually, and a planktonic sexual phase, the
medusa. Pelagic medusae and benthic polyps have
been observed in brackish water ecosystems, and
polyps have also been found in estuaries and coastal
saltwater swamps (Bardi & Marques 2009). In several
tropical and temperate estuaries, B. virginica occurs
seasonally, developing higher biomasses and abun-
dances at temperatures > 14 ° C (e.g. Wintzer et al.,
2013; Freire et al., 2013; Jaspers et al., 2018). It feeds
on adults and nauplii of copepods, barnacle nauplii
(Mills & Sommer, 1995), and fish larvae (Wintzer et
al, 2013). Morais et al. (2015) demonstrated that it
also feed on phytoplankton and ciliates and is able to
maintain a good nutritional condition during periods
of low availability of metazooplanktonic prey, basing
its diet on sources of particulate organic matter.
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Regarding the potential ecological impacts of
the introduction of this hydromedusa in differ-
ent ecosystems, some negative effects have been
observed. In the Guadiana and Mira estuaries
(Portugal) the occurrence of B. virginica was asso-
ciated with the decrease in density of other zoo-
plankton fractions, including fish eggs (Chicharo
et al., 2009) and copepods (Marques et al., 2017).
In the Napa and Petaluma Rivers, California (USA),
B. virginica was capable of larval fish predation
(Wintzer et al., 2013). The consumption of a wide
range of prey, combined with its metagenetic life
cycle and high tolerance to fluctuating environ-
mental conditions, may explain why this species
has successfully expanded its distribution and in-
vaded different environments around the world.

Due to the potential negative effect invasions
may cause to ecosystems, worldwide efforts are
being directed to develop strategies and pro-
grams of biodiversity conservation (e.g. European
Commission, 2008; Katsanevakis et al., 2016; Bourne
et al,, 2018). In Uruguay, inter-institutional groups
are studying biological invasions to systematize in-
formation about bio-invaders (Brugnoli et al., 2009;
Brugnoli & Laufer, 2018). Nevertheless, studies on
jellyfish are very scarce and correspond mainly to
qualitative works (Failla, 2006; 2014; Leoni et al,,
2016; Stampar et al., 2016). Here, we present the first
record of the non-native hydromedusa B. virginica
on the Uruguayan coast. The temporal dynamic of its
abundance and its relationship with environmental
conditions (temperature, salinity, and chlorophyll-
a) during an annual cycle (February 2016- February
2017) were evaluated.

The study area was Laguna de Rocha (hereafter
referred to as “the Lagoon”) and its adjacent coastal
waters (34° 35" S - 54° 17' W). This area is part of a
system of coastal lagoons which extends from the
eastern region of the Uruguayan coast to southern
Brazil (Figure 1). The Lagoon (mean depth = 0.6 m;
area = 72 km?) has an intermittent connection with
the Atlantic Ocean through a naturally opening and
closing sand bar; it alternates between closed and
open states. Natural openings result either from high
lagoon water levels or strong wave action. During the
closed state, typically stable physicochemical char-
acteristics of the water are found along the lagoon.
However, these conditions, as well as the biological
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communities, may suffer drastic spatio-temporal
variability during the open sandbar state due to the
mixing of fresh water with marine intrusions (Conde
etal, 2019). Because of its natural and cultural values,
the Lagoon has been internationally recognized as
a Ramsar site and a MaB Biosphere Reserve and was
included in the National System of Protected Areas of
Uruguay (Rodriguez-Gallego et al., 2013).

Sampling was conducted during an annual cycle,
mostly every 60 days between February 2016 and
February 2017, covering both the open and closed
states of the sandbar (Table 1). For the open sand-
bar state, sampling frequency was increased to ev-
ery 7-15 days to evaluate the effect of the open re-
gime on the gelatinous zooplankton community in
the Lagoon. Four stations within the Lagoon (Stn 1,
Stn 2, Stn 3, Stn 4) and two stations in the adjacent
coastal waters (Stn 5, Stn 6) were sampled (Figure 1).
A total of 15 samplings were carried out during the
study period (S1 to S15). Three sampling campaigns
in adjacent coastal waters had to be canceled due to
adverse weather conditions for navigation (Table 1).
Samples were collected with an epibenthic sled (1m x
1m, mesh 500 um) within the Lagoon and with a con-
ic plankton net (mouth diameter: 0.6 m, mesh: 500
pm) in the adjacent coastal waters. Both nets were
equipped with a flowmeter to estimate the volume of
filtered water. The sled and plankton net were towed
for 5 minutes at a speed of 2 knots. The average vol-
ume of filtered water was 42 m* in the Lagoon and 38
m?3 in adjacent coastal waters. Samples were fixed in
formaldehyde 4%. Samples were collected at a depth
between 0.5 and 1.8 m inside the lagoon and at 3 m
in the adjacent coastal waters. Water temperature (°C)
and salinity were measured once using a multiparam-
eter probe (Horiba U-50) at the time of plankton sam-
pling. Subsurface water samples were taken for the
estimation of chlorophyll-a (ug I) (Parsons, 1984). In
the laboratory, hydromedusa specimens were identi-
fied and quantified under a stereoscopic microscope.
Numerical abundance was standardized to individu-
als per m2 (ind. m). To evaluate the relationship be-
tween the recorded environmental variables and the
abundance of B. virginica, the Spearman test was per-
formed using R software version 3.6.3 and RStudio
(RStudio team., 2015).

Blackfordia virginica was recorded only within the
lagoon and was absent in the adjacent coastal waters.
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Figure 1. A) Location of Laguna de Rocha (black box) on the coast of Uruguay in
the Southwestern Atlantic. B) The sampling stations inside Laguna de Rocha (Stn
1,5tn 2, Stn 3, Stn 4) and in the adjacent coastal waters (Stn 5, Stn 6) are indicated

with black circles.

It was more abundant in February (1.1-15.9 ind. m?
in 2016 and 0.50- 17.3 m3in 2017) during the closed
sandbar state (Figure 2). Regarding the spatial vari-
ability in the abundance of B. virginica, the highest
value was 17.3 ind. m?3, recorded in Stn 4 in February
2017, and 15.9 ind. m3in Stn 2 in February 2016.
During spring, the abundance was low (0.1 ind. m?),
and the hydromedusa was not recorded in winter
(Figure 2). Blackfordia virginica was collected in wide
ranges of temperature (14.1 to 28.6 ° C), salinity (10.0
to0 26.7), and chlorophyll-a (1.4 to 6.9 ug I'") (Figure 2),
and its abundance was significantly correlated with
temperature (rs = 0.6; p = 0.01; N=15).

Here we present the first record of the invasive
jellyfish B. virginica on the Uruguayan coast. The en-
vironmental conditions of the Lagoon (i.e., brackish
and shallow environment) seem to favour the growth
of B. virginica populations, mainly during warm

periods and the closed sandbar state, perhaps due
to the stable physicochemical conditions in the wa-
ter column and high chlorophyll-a. However, further
research is needed to evaluate the effect of the sand-
bar state on the abundance of this hydromedusa. The
occurrence of maximum abundances during warmer
periods of the year agrees with records in other sub-
tropical and temperate estuarine and brackish water
ecosystems, both at a regional and on a global scale
(Rio de la Plata: Genzano et al. 2006; southeastern
and southern Brazil: Nogueira & de Oliveira, 2006;
Bardi & Marques, 2009; west coast of USA, California:
Wintzer et al., 2013; southern and northern Europe:
Nowaczyk et al., 2016; Marques et al., 2017; Jaspers
et al., 2018). Besides temperature, another environ-
mental factor which seems to be associated with the
occurrence of B. virginica is salinity. Blackfordia virgi-
nicais characterized by a high salinity tolerance and a
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Table 1. Sampling performed from February 2016 to February 2017 (S1 to S15) at Laguna de Rocha and its adjacent
coastal waters on the Uruguayan coast. Dates, sandbar state (open/closed) and environmental variables measured in
each sampling stations are shown. The hyphen indicates missing sampling campaings due to adverse weather condi-
tions for navigation. Stn: sampling station. Stn 1: 34°38'5.60"S, 54°17'10.35" W; St 2: 34°39'23.80"S 54°16'19.56"W, Stn 3:
34°39'55.50"S,54°14'24.16"W, Stn 4:34°40'13.56"S, 54°16'28.97"0, Stn 5:34°41'47.50"S, 54°15'43.38"W, Stn 6:34°40'56.04"S,
54°12'2.66"0. Chlo: Chlorophyll-g, S: salinity, T: temperature.

Samplings Laguna de Rocha Coastal waters Stations Variables Sand bar state
S1 16/02/16 26/02/2016 Stn1,2,5,6 Chlo, S, T, abundance Closed
S2 30/03/2016 31/03/2016 Stn 1,2,5,6 Chlo, S, T, abundance Closed
S3 21/04/2016 22/04/2016 Stn 1,2,5,6 Chlo, S, T, abundance Open
S4 30/04/2016 05/05/2016 Stn 1,2,34,5,6 Chlo, S, T, abundance Open
S5 13/06/2016 15/06/2016 Stn 1,2,34,5,6 Chlo, S, T, abundance Open
S6 28/07/2016 09/08/2016 Stn1,2,3,4,5,6 Chlo, S, T, abundance Open
S7 06/10/2016 07/10/2016 Stn 1,2,34,5,6 Chlo, S, T, abundance Open
S8 14/10/2016 - Stn 1,234 Chlo, S, T, abundance Open
S9 21/10/2016 22/10/2016 Stn1,2,3,4,5,6 Chlo, S, T, abundance Closed
S10 29/10/2016 - Stn 1,234 Chlo, S, T, abundance Open
S11 04/11/2016 - Stn 1,234 Chlo, S, T, abundance Open
S12 14/11/2016 15/11/2016 Stn1,2,34,5,6 Chlo, S, T, abundance Open
S13 29/11/2016 30/11/2016 Stn 1,2,3,4,5,6 Chlo, S, T, abundance Open
S14 15/12/2016 21/12/2016 Stn1,2,3,45,6 Chlo, S, T, abundance Open
S15 14/02/2017 03/02/2017 Stn1,2,3,4,5,6 Chlo, S, T, abundance Closed

brackish-water habitat preference (Moore 1987; Bardi
& Marques, 2009). Shallow coastal environments also
seem to be apt for the development of this species
(Bayha & Graham, 2014). Therefore, the environmen-
tal context of the Lagoon, characterized by salinity
gradients and shallowness, matches the ecological
preferences of B. virginica.

With respect to the abundance values found in
different ecosystems, we did not find a clear pattern
associated with a latitudinal range. However, the
highest abundances were observed in certain north-
ern subtropical and temperate habitats (Mira Estuary,
Gironde Estuary and San Francisco Estuary, see Table
2). The abundances observed in this study were simi-
lar to those recorded by Genzano et al. (2006) in the
Rio de la Plata estuary (Argentina-Uruguay) and by
Bardi & Marques (2009) in shallow bays and channels
from southeastern and southern Brazil. This may sug-
gest that B. virginica consistently shows lower abun-
dances in comparison to certain northern temperate
estuaries and/or that this hydromedusa is at an early
stage of its establishment in our study area.

The introduction of B. virginica in the Rio del
Plata estuary (Figure 1), one of the large waterways
of South America, is probably related to the intense

trans-oceanic shipping traffic in the region, as ob-
served in other invaded estuarine and brackish wa-
ter ecosystems worldwide (Genzano et al., 2006),
such as the Kiel channel (Jaspers et al., 2018), San
Francisco Estuary (Wintzer et al., 2011), Gironde
Estuary (Nowaczyk et al., 2016), and Bombay Harbor
(Santhakumaki, 1999). Laguna de Rocha is located
relatively close (~300 km) to international trade ports
(e.g. Montevideo and Rio Grande). Also, shelf currents
and the estuarine plume of Rio de la Plata, which
reaches this part of the coast (Moreira & Simionato
2019), may favour the arrival of invasive species
found in nearby ecosystems. Blackfordia virginica has
invaded tropical and subtropical estuaries in the SW
Atlantic (Freire et al. 2014), and our observations sug-
gest it has now been successfully introduced to the
Rio de la Plata region, following the first recorded
instances in Argentinean waters in 2000 (Genzano et
al., 2006) and 2006 (Dutto et al., 2019).

In the current scenario of global and regional
warming (Johnson & Lyman, 2020), the effects on
water temperature may contribute to the distribu-
tional expansion of B. virginica populations, promot-
ing settlement and growth in the invaded environ-
ments (Marques et al., 2017; Jaspers et al., 2018). The
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Figure 2. A) Temperature (°C), B) Salinity, C) Chlorophyll-a (ug I'), and D) Blackfordia virginica abundance
(ind. m—3 £ SD) in Laguna de Rocha (Stn 1, Stn 2, Stn 3, Stn 4) and in the coastal waters (Stn 5, Stn 6)
from February 2016 to February 2017. B. virginica was only recorded in Laguna de Rocha. Gray shadings
indicate closed sandbar state.
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Table 2. Records of Blackfordia virginica with their respective abundance (ind. m?3), temperature (°C), and salinity ranges
if available. The location, latitude, and type of ecosystem of the records are also included.

Region Latitude Abundance Temperature Salinity Reference

Kiel fjord (Germany) 54°30'N 0.7-144 8.7-18.0 7.0-13.0 Jaspersetal., 2018
Gironde Estuary 45°15'N 0.5-637.0 15.5-23.0 6.8-22.9 Nowaczyk et al., 2016
(Atlantic,France)

San Francisco Bay (USA, Pacific) 38°16'N - 17.0-21.0 14.0-17.0 Mills & Sommer, 1995
San Francisco Bay (USA, Pacific) 38°16°N - 16 19 Mills & Rees, 2000
Napa and Petaluma Rivers (USA) 38°06°N 5.0-232.0 20.0-23.1 16.5-22.2 Wintzer etal., 2013
Mira estuary (Portugal) 37°43'N 66.6 * - 22,8 Moore, 1987
Guadiana Estuary (SE-Portugal/ 37°09'N 40317 - 8.0-29.0 Chicharo et al,, 2009
SW-Spain)

Mira estuary (Portugal) 37-35°N 30.6-982.3 23.6 - 26.1 0.1-33,0 Marques et al., 2017
Lake Pontchartrain (USA) 30°05'N - - 5.0-23-0 Harrison et al., 2013
Bombay harbour (India) 18°45'N 4.0-72.0 - - Santhaliugr:;rl etal,
Pernanbuco bays (Brazil) 8°03°S - 26.8-29.5 2.2-36.0 Freire etal., 2013
Baia de Antonina (Brazil) 25°32°S 0.027-0.025 260-27.0 20-11.0 Nog”e'razgé gg Oliveira,
Cananéia estuarine complex,

Paranagud, Guaratuba and 25°-26°05°S 0.46-105.7 21.5-30.5 10.0-30.0 Bardi & Marques, 2009
Babitonga Bay (Brazil)

Rio de la Plata (Argentina) 36°05°S 0.013-29.5 23.5-243 23.0-29.7 Genzano etal., 2006
This study 34°41°S 0.50-17.3 14.1-28.6 10.0-26.7

« Abundance range was not available.

substantial environmental tolerance of the species
and its metagenetic life cycle, which increase the
probability of entering a given ecosystem, may fa-
cilitate the invasion of this jellyfish (Bayha & Graham,
2014). Monitoring the species in the invaded habitats
and comparing the abundances at various geograph-
ical points are imperative to understand the dynam-
ics of the species invasion.

Recent coordinated work at a regional level
has highlighted the need to develop databases for
marine species introduction in the Southwestern
Atlantic (Schwindt et al., 2020). This means that
biological invasions derived from global an-
thropic activities must be considered an issue of
regional importance with potential ecological
and economic impacts. As such, early detection
could be extremely important in protected areas
like Laguna de Rocha. Further research, including
a study of the B. virginica life cycle, is needed to
properly understand the degree of establishment

of this hydrozoan species and its potential impact
on the Lagoon. Our study contributes valuable
information to the knowledge base of an exotic
invasive species in Uruguayan coastal waters as
well as for the management of biodiversity in pri-
ority conservation areas. It also contributes to the
knowledge of the geographical distribution of B.
virginica and its ecological preferences.
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